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Introduction
• OCO-2 and OCO-3 have been measuring CO2 and O2 from space
since 2014 & 2019 respectively, over 100K soundings each per day
• Both feature three-channel imaging grating spectrometers with a
common telescope, using OCO design (launch failed 2009)
• Atmospheric state is inferred from the absorption of reflected nearinfrared sunlight, precise retrievals require well-calibrated spectra
• Calibration coefficients are maintained for over 24K independent
spectral elements, it is important to track the patterns that arise
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The Future is Nonuniform
OCO-2/3 measure wavelength in spectral (column) dimension, along-slit angle in spatial (row) dimension
Instrument

Description

Total
Pixels

490

1504 columns
x 4 bands
x 9 cameras

54,144

17 bands
x varying px

2,378

1024 columns
x 220 rows
x 3 bands

675,840
PIXEL
MODE

1016 columns
x 8 super-pixels
x 3 bands

24,384
SCIENCE
MODE

1016 columns
x 1016 rows
x 4 bands

4,129,024

Description

Total
Pixels

2 bands x 40 px,
7 bands x 20 px,
27 bands x 10 px

Instrument
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OCO-2 & OCO-3 Science Objectives
• Quantify variations in column average CO2 dry air mole fraction with coverage and
resolution to improve understanding of surface sources & sinks on regional scales
• This requires precision on Level 2 retrievals of 1 ppm or better (< 0.25 % and shrinking)
Aug 1-9 2021 Level 2 395-430 ppm

Image Credits:
Brad Weir & Lesley Ott, GMAO
Brendan Fisher, JPL

Aug 30 2020 Level 3 407-417 ppm

Aug 30 2019 Level 3 405-415 ppm
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Spectral Patterns in Preflight Rad Cal
Dark Corrected

Uncalibrated

Linear Gain

Dark Model

Nonlinear
Gain
Calibrated
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OCO-2 Solar Calibrator Relative Trend
Signal decreases as ice accumulates on focal
plane arrays, then recovers after decontamination

6

Spectral Patterns in Gain Degradation
• Even though
lamps age and
cannot set an
absolute scale
on their own,
spectrally
smooth sources
are critical for
capturing spatial
and spectral
patterns in
radiometric
degradation

Arrow length 2.7 %

BEFORE DECON:
84% of PREFLIGHT

Arrow length 0.35 %

AFTER DECON:
99% of PREFLIGHT
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Stray Light

FPA Assembly

• Degradation from icing dominated by
scattering, not absorption
• Light returns to detector in a spectrally
double-peaked pattern, grows with icing
from 0.1 to 1% of average signal
• Measured by unilluminated rows,
limiting assessment of spatial uniformity
• Uniform for OCO-2, spatially varying for
OCO-3 in newest version
• Instrument line shape is sensitive to this
signal and its correction

OCO-2 Orbit 10313

OCO-2 Col 646

OCO-3 Orbit 9098
0.6 %

0.4 %
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Bad Pixel Identification
• Bad pixels irreversibly removed before
downlink, otherwise ”super-pixel” bad
• Bad pixels substantially increased between
OCO-2 test and launch, OCO-3 has fewer
bad pixels and is more stable over time
• Initial maps used various features in dark &
lamp data (bias, noise, change over time, …)
with manual thresholds for each
• Machine learning classifier combines all
features and an existing BPM into one
likelihood, then a manual threshold is set
Top: Dark time series for OCO-3 pixel 59% likely bad
Bottom: Difference in OCO-2 likelihood (test – flight)
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Uncertainty Quantification
• Explore retrieval impact
of calibration errors and
uncertainties which are
often nonuniform
• Linear error analysis
provides analytic
estimate of retrieval’s
sensitivity to a
parametric perturbation
• Simulation-based
approach produces
ensemble of retrievals
with combination of
fixed and random errors
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Sensitivity to Bad Samples
SIMULATED:
Median XCO2
Change 0.05 ppm

ACTUAL:
Median XCO2
Change 0.06 ppm
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Conclusion
• Nonuniform calibration artifacts present a
special challenge for trace-gas retrieval
missions because the depth, width, and
location of spectral features provide critical
information about the atmosphere

Uplooking Spectra From Preflight Testing

OCO-2
OCO-3

• It is important for future missions with many
detector pixels to account for this when
writing and evaluating requirements: Is it
sufficient for the 95th percentile to be in
spec, or can 1 bad point cause a problem?
• How uniform are test and onboard sources?
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